Background: There are still few prospective longitudinal studies of DMT in MS that show long-lasting effects. Methods: The data of longitudinal observation for 15 years on a group of 69 MS patients constantly receiving glatiramer acetate (GA) are presented. Results: The increase in relapse rate and EDSS progression were associated in a subgroup of patients with the presence of at least one relapse during the first 5 years of observation. Conclusion: Only total absence of clinical activity, according to NEDA definition, during at least the first 5 years of therapy might be classified as the "optimal" response to GA.
Background
Multiple sclerosis (MS) is a lifelong and progressive disease. Accordingly, it is important to prospectively collect data on the long-term benefits of its treatments. Betainterferons and Glatiramer acetate (GA) are still used as the first line therapy for relapsing remitting multiple sclerosis (RRMS). These medications can potentially modify the clinical course of the disease. Double blind randomized clinical studies showed that diseasemodifying treatments (DMT) significantly reduces relapse rate as well as the number of new/enlarged lesions on MRI [1] . Influence of DMT on disability progression was among studies less evident.
Although MS is a long lasting disease, most of these studies were relatively short in duration and evidence of long-term clinical efficacy, safety and patient adherence to DMT is frequently missing. The definition of the modern criteria "no evidence of disease activity" in MS (NEDA) includes no relapses, no disability progression and no new/enlarging lesions on MRI for NEDA-3, plus no brain atrophy progression for NEDA-4 [2] . This definition is strongly connected with the determination of "optimal", "sub optimal" and "not optimal" response to selected DMT. A recent study from USA (Boston) showed that only 46 % had NEDA for clinical and MRI measures at 1 year and only 7.9 % -maintained NEDA status after 7 years. NEDA at 2 years had a positive predictive value of 78.3 % for no progression [3] . A more recent study showed that only 8 of 91 MS patients (8 %) maintained NEDA for 9.3-12.5 years of observation [4] . Both studies did not analyze the route of treatment of these patients and it is not known, if they received any DMT or what was the natural course of their demyelinating disease.
Due to high costs and long duration of the DMT, long-term prospective observations on DMT efficacy are highly needed. However such studies can be difficult to perform due to multiple social, economical and medical factors. Here we present results of a 15-years open-label un-randomized observational study of glatiramer acetate (GA) therapy in RRMS patients of the Moscow MS Center. Results of the 3, 5 and 10-year observations have been previously published [5] [6] [7] . The rational of this observational study was to assess long-term efficacy of GA by recording significant clinical information (decrease in annual relapse rate (ARR) and slowing the EDSS progression), during their treatment with this first-line DMT in patients with "optimal" clinical treatment response who continued the selected therapy at least for 15 years.
Methods
In 2000, 205 very active relapsing-remitting multiple sclerosis (RRMS) patients, diagnosed according to the Poser clinical criteria [8] , started therapy with GA at the Moscow MS Centre. At baseline they had an annual relapse rate (ARR) of 2.15 and an EDSS score between 1.5 and 5.0 (median 2.15, mean 2.11). Corticosteroids, plasmapheresis and other symptomatic treatments of relapses had been used, but no DMT. At baseline all patients (100 %) had active Gd + -lesions on brain MRI and the number of the T2-lesions in all cases were higher than 10 (these criteria had to be met in Russia to receive DMT for free). Accordingly, this was a subgroup of very active relapsing-remitting MS patients. All patients were regularly observed at 3 month intervals and/or in cases of relapses and detailed neurological examination, including Expanded Disability Status Scale (EDSS) levels, were recorded in the Register of the Moscow MS Center (MMSC). Patients gave informed consent to be included into the study. Patients with other concomitant neurological conditions, psychiatric diseases or pregnancy were excluded. Over time, further MRI imaging was obtained using different equipment and could not be compared.
At 3 years 155/205 patients (75.6 %) continued to receive GA; reasons for the loss at follow-up are listed in Table 1 . Clinical failure (high relapse rate, EDSS progression or change to secondary progressive MS -SPMS) were seen in 37 patients (18 %); 8 patients (4 %) had problems with tolerability; 5 patients (2 %) were lost to observation for other reasons.
After 5 years, 59 % of the patients were still under observation, while 28 % discontinued GA due to treatment failure. After 10 years and 15 years the majority of patients were still under observation, the number of treatment failures and patients with tolerability problems were small, while up to 5 % had to discontinued this DMT for other reasons (migration, death, pregnancy, etc). A total of 74 patients continued to receive exclusively GA treatment over 10 years up to the intermediate 10 years analysis [7] . All these patients were then observed for the following additional 5 years (15 years overall). One patient stopped the treatment because of the onset of a secondary progression (SPMS), 1 was tired of frequent injections, 2 of them were disregarded because of the lack of detailed information, 1 died in a car accident. The remaining extendedly observed 69 patients (50 females -72.5 %) showed a mean age 33.0 (0.9) years and mean MS duration of 5.43 (0.44) years. Almost half of these MS patients suddenly progressed in EDSS after a period of high annualized relapse rate (ARR) between years 12 and 13 and only 35 of them still continued GA therapy after 15 years of uninterrupted treatment.
As recommended, all patients received GA 20 mg/day SC. Clinical outcome measures of efficacy were ARR and EDSS score. Increase in EDSS level was confirmed if not decreasing for at least for 6 months. Statistical analysis was performed with the STATISTICA program. Data are presented as Mean (SD). To determine the differences between two subgroups, the Student's t-test was used for continuous variables and the Fisher Exact test was used for categorical variables, p values <0.05 were considered significant. Pearson's correlation analysis was performed to estimate the association between parameters. The effects of treatment on ARR and EDSS score from baseline to year 15 (dichotomous model with 0-continued therapy, 1-stopped therapy) in groups of patients defined by demographic and disease characteristics were compared using logistic regression with a significance level of 0.05. The study was approved by the Ethical Committee of the Pirogov's RNRMU and was in compliance with the Helsinki Declaration.
Results
Before initiation of GA treatment (baseline) ARR was elevated -2.15 (0.06) per year ( Table 2 ), but these patients had a relatively low EDSS score of 2.11 (0.10). Accordingly, this subgroup of patients had active relapsing MS with low accumulation of disability.
Relapse rates
When GA was started all patients showed a significant reduction of ARR which remained quite stable throughout the course of the follow-up. Mean ARR declined from 2.15 (0.06) at baseline down to 0.06 -0.08 in the first 3 years of therapy, but it slowly increased to a mean level of 0.17 (0.05) at year 7 and at year 14, to 0.18 (0.05) at year 11 and up to 0.21 at year 13 ( Fig. 1 green  line) . Mean ARR for all patients for the entire 15-year period was 0.14 per year. No baseline demographic characteristics were associated with ARR or GA discontinuation after 15 years of therapy in this subgroup of patients.
Disability progression
Mean EDSS score slowly progressing during the 15-year period is shown in Fig. 2 (green line) . A slight reduction of EDSS in the first and second year of treatment was recorded but found not to be significant. Conversely, a significant increase in the EDSS was seen at years 11-15 and up to the mean level of 3.26 (0.18) at year 15. In 7 patients (10.1 %) relapsing remitting MS course converted to secondary progressive MS (SPMS), although they continued to receive GA up to 15 years. The difference from the baseline EDSS became significant starting from year 10 ( Table 2) . ARR was significantly associated with EDSS level at year 15 and mean increase (Δ) in EDSS score. There were significant associations between ARR at years 5 and 7, total number of relapses during 15 years and mean EDSS levels at years 11, 13, 14 and 15 (all with p < 0.05). No other significant association with clinical or demographic parameters was found. Logistic regression confirmed the association between total number of relapses, ARRs at years 5 and 7 year and EDSS score at year 15 with B = 1.48, B = 1.87 and B = 2.25 (all p < 0,01). There were an association between conversion to SPMS and mean ARR during 15 years with B = 1.34 (p < 0.05). No associations with baseline EDSS level, gender or age was found in this group. No 
Stratification analyses
In order to assess EDSS progression after years 11-13 of GA treatment, patients were stratified into 2 groups. As the first significant association of final EDSS level at year 15 and number of relapses was found for data at year 5, we stratified patients into 2 groups. The first, group A, includes 32 patients, 20 females (62.5 %), who had completely no relapses or disability progression during the first 5 years of GA therapy. The remaining 37 patients (30 females, 81.1 %) had at least one relapse and/or EDSS progression during these 5 years and were included into group B. The ARR and EDSS levels are presented in Table 2 . There was no difference at baseline in clinical and demographic characteristics between groups A and B with the exception of a non-significant increase in females in group B. A slightly not significant increase of ARR was seen in group A at year13 and 14 ( Fig. 1) .
The ARRs were significantly higher in group B at all time points except years 10, 14 and 15. Mean ARR for 15 years in group A was significantly lower than in group B. In group A there were no significance increase in mean EDSS level comparing with baseline during these 15 years. The difference in mean EDSS between group A and B appeared at year 5 and remained significant up to year 15 (Table 2) . Mean Δ EDSS for 15 years in group A was significantly lower than in group B. In group B at year 6 and later, EDSS level became significantly higher than at baseline. No single baseline demographic characteristic was associated with classification in group A or B in this subgroup of patients.
Discussion and conclusions
This 15-year observation of 69 RRMS patients under continuous GA treatment for the control of their MS in a daily practice setting demonstrated GA's longterm benefits in terms of clinical efficacy, safety and tolerability in a small majority of them and confirmed previously published data [9] [10] [11] [12] . Thus, these patients were classified as "responders" to GA and there were no reason to change DMT [13] . However, in approximately half of them the EDSS levels significantly increased between year 12 and 15, with 7 of 69 (10.1 %) converting to SPMS. These patients with "non-optimal longitudinal response" had some clinical activity, even very low, during the first 5 years of GA treatment. Thus, only total absence of clinical activity during at least 5 years of therapy might be interpreted as an "optimal" response to be maintained at long-term follow up. A recent re-evaluation of the patients from the original PRISMS study and assessed during a single follow-up visit 15 years after initial randomisation (PRISMS-15) confirmed the importance of clinical/radiological activity during the first years in longitudinal prognosis: higher dose exposure was associated with lower proportions of patients with EDSS progression and conversion to SPMS, and longer time on treatment was associated with lower risk of first relapse. Change in EDSS from baseline to 24 months was a strong predictor of evaluated clinical outcomes over 15 years [14] . While significant decrease in ARR in these patients was seen for the whole 15-year period, those who had even a low clinical MS activity had significantly worse 15-year outcome with evidence of EDSS progression and increased risk of conversion to SPMS. No association with baseline demographic, clinical or MRI characteristics was found.
In conclusion, our study is an open-label, postmarketing study with possible selection and misclassification biases, high rate of drop-outs and lacking of MRI data in which only a specific subgroup of patients with "positive" short-term response to GA was longitudinally observed. However, the study shows, that only "total" absence of clinical disease activity during the first 5 years of treatment stands as a predictor of longitudinal "optimal" response for an extended period of 15 or more years. We are not able to assess NEDA for these patients in the absence of MRI data, but since in 32 of these 69 patients no evidence of clinical disease activity was seen for 15 years, this subgroup might be classified as having the "optimal longitudinal clinical response" to GA. We suggested that in MS patients starting on GA, the presence of "disease activity" during the first years must induce to a prompt treatment change.
